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ABSTRACT 


A  program  was  conducted  for  Investigation  of  materials  to 
provide  Improved  thermal  resistance  in  an  aviation  fuel  en¬ 
vironment'.  It  was  desirable  that  the  compositions  obtained 
be  similar  to  a  io-pore-per-inch  reticulated  urethane  foam 
used  in  a  fire  and  explosion  suppressant  application. 

Toward  providing  polymeric  structures  with  improved  thermal 
resistance,  four  classes  of  materials  were  investigated.  These 
were  coated  foams,  uncoated  foams,  filled  thermoplastics,  and 
unfilled  thermoplastics.  Specific  materials  were  selected  and 
evaluated  for  their  retention  of  mechanical  performance  as  a 
function  of  time  following  exposure  to  JP-5  fuel  at  elevated 
temperatures. 

The  most  promising  materials  obtained  in  the  program  consisted 
of  a  polyester  fiber  mat  and  a  low-density,  open-celled  polyimide 
foam.  Both  of  these  materials  exhibited  excellent  retention  of 
mechanical  strength  and  modulus  for  10  week  exposure  periods 
in  JP-5  fuel  at  325°P. 

Foams  coated  with  nylon  11,  thermoplastic  polyimide,  and  polymer 
380  all  exhibited  some  improvement  in  mechanical  performance 
over  their  substrate  reticulated  urethane  foam.  However,  none 
of  these  materials  proved  even  partially  adequate  for  the  reflux¬ 
ing  JP-5  fuel  environment. 

Of  the  thermoplastics  investigated,  the  nylon  66,  polyimide,  and 
polymer  360  all  exhibited  a  substantial  retention  of  mechanical 
properties  in  the  hyperthermal  fuel  environment.  Of  importance 
was  the  inclusion  of  glass  fillers,  which  provided  geometrical 
integrity  to  the  thermoplastic  while  at  the  elevated  temperatures. 

In  order  to  establish  some  utility  for  the  coated  urethane  foams 
the  mechanical  properties  of  a  series  of  foams  were  evaluated 
at  temperatures  less  than  325°P  and  greater  than  ambient  and 
a  useful  temperature  of  200°F  was  established. 

(This  document  is  subject  to  special  export  controls  and  each  trans¬ 
mittal  to  foreign  governments  or  foreign  nationals  may  be  made  only 
with  prior  approval  of  the  Air  Force  Materials  Laboratory  (MAAE), 
Wright-Patterson  Air  Force  Base,  Ohio  M 5h 33 ) . 
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SECTION  I 
INTRODUCTION 


The  feasibility  of  utilizing  reticulated  urethane  foam  and  perfoi- 
rated  hollow  spheres. as  fire  and  explosion  suppressant  materials 
in  aircraft  fuel  tanks  has  been  demonstrated  by  the  U.  S.  Air 
Force.  While  the  performance  of  a  - 10-pore-per-inch  reticulated 
urethane  foam  was  excellent,  the  efficacy  of  the  perforated  hollow 
spheres  was  shown  to  be  considerably  less. 

The  reticulated  urethane  foam  had  been  extensively  investigated 
and  its  applicability  in  aircraft  fuel  systems  over  the  temper¬ 
ature  range  from  -65  to  +165°F  was  established.  The  foam  was 
and  is  being  used  by  the  U.  S.  Air  Force  in  aircraft  fuel  tanks 
for  fire  and  explosion  suppression. 

Flight  temperature  profiles  exceeding  +l65°F  existed.  Therefore, 
the  Air  Force  developed  a  requirement  for  a  similar  foam  system 
that  would  be  usable  and  stable  at  temperatures  up  to  325°F  in 
Jet  fuel.  The  approaches  suggested  were  to  provide  the  temper¬ 
ature  resistance  through  the  addition  of  coatings  to  the  retic¬ 
ulated  urethane  foam  system  or  to  provide  high  temperature  foam 
systems  per  ee.  The  effectiveness  of  the  coated  urethane  was 
contigent  upon  the  lack  of  effect  of  the  degradation  products 
of  the  urethane  at  325°F  on  the  coated  structure. 

Since  it  was  possible  that  the  coated  urethanes  could  retain  their 
mechanical  performance  at  temperatures  greater  than  that  of  the 
uncoated  urethane  but  somewhat  below  the  325°F  temperature,  they 
were  also  evaluated  on  a  selective  basis  at  200°' and  250°F. 

It  has  been  shown  that  the  hollow  perforated  spheres  which  had 
some  limited  utility  in  the  fire  and  explosion  suppressant  appli¬ 
cations  could  be  formed  by  injection  molding  followed  by  heat 
sealing.  Therefore,  thermoplastic  materials  that  could  be  injec¬ 
tion  molded  and  also  provide  the  thermal  resistance  in  the  fuel 
environment  were  investigated.  It  was  only  during  the  performance 
of  this  program  that  the  limited  utility  of  the  hollow  perforated 
spheres  was  established  and  therefore  full  effort  was  abandoned. 

Accordingly  the  program  involved  the  preparation  of  various 
coated  and  uncoated  foams,  and  filled  and  unfilled  thermoplastics 
in  the  form  of  compression  and  tensile  test  specimens;  exposure 
to  the  various  thermal  environments  in  JP-5  fuel;  followed  by 
mechanical  testing  of  the  specimens  at  specific  times  or  after 
a  given  number  of  cycles.  Thermal  gravimetric  analysis  was  also 
conducted  on  the  coated  foams  In  order  to  demonstrate  the  effect 
of  the  various  coatings  on  the  thermal  performance  of  the  urethane. 
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SECTION  II 

SUMMARY  AND  CONCLUSIONS 

The  materials  investigated  for  potential  stability  in  a 
hyperthermal  fuel  environment  fell  into  four  primary  cate¬ 
gories.  These  were: 

-  Coated  foams, 

-  Uncoated  foams, 

-  Filled  thermoplastics,  and 

-  Unfilled  thermoplastics. 

The  materials  were  subjected  to  an  environmental  exposure  of 
complete  immersion  in  JP-5  fuel  at  elevated  temperatures.  Two 
different  thermal  profiles  were  used.  They  comprised  Phase  1, 
a  more  severe  screening  test,  and  Phase  2,  a  representative  long¬ 
term  exposure.  Phase  1  exposure  consisted  of  a  continued  sub¬ 
mersion  at  325°F  for  seven-day  periods.  Phase  2  consisted  of 
representative  flight  temperature  profiles  from  ambient  up  to 
325°F.  The  Phase  2  profile  included  stepped  temperature  incre¬ 
ments  over  test  periods  consisting  of  seven  days,  of  which  five 
were  used  to  obtain  10  thermal  cycles.  Resistance  to  the  t 

exposure  was  Judged  by  the  retention  of  mechanical  stress-strain 
characteristics . 

• 

The  coated  foams  all  had  a  substrate  of  the  Scott  Paper  Company 
10-pore-per-inch  reticulated  urethane  foam.  The  coatings  in¬ 
cluded  Nylon  11,  a  thermoplastic  polyimide,  and  polymer  380, 
which  were  all  applied  by  Scott  Paper  Company. 

The  uncoated  foams  investigated  included  the  10-pore-per-inch 
reticulated  urethane,  a  polyester  fiber  mat  and  two  types  of  poly- 
imides. 

The  filled  thermoplastics,  all  incorporating  glass  fibers,  con¬ 
sisted  of  two  nylon  66  products,  a  polyester,  polychlorotrifluoro- 
ethylene,  polyvinylidene-chloride,  polycarbonate,  and  polytetra- 
f luoroethylene . 

The  unfilled  thermoplastics  investigated  included  a  thermoplastic 
polyimide,  polymer  360,  polysulfone,  polyphenylene  oxide,  and 
nylon  66. 

The  uncoated  foams,  except  the  urethanes,  by  far  outperformed  the  other 
materials  and  exhibited  retention  of  mechanical  properties  for  periods 
of  10  weeks  both  after  continuous  exposure  in  JP-5  fuel  at  325°F  and  ' 
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thermal  cyclic  Phase  2  exposure.  The  best  uncoated  foams  were 
the  polyimide  and  the  polyester  fiber  foams.  The  uncoated  re¬ 
ticulated  urethane  by  itself  did  not  perform  well  and  was  de¬ 
graded  to  less  than  one-half  Its  original  strength  within  one 
day.  Modified  exposure  tests,  however,  indicated  that  the  re¬ 
ticulated  urethane  would  be  useful  at  temperatures  up  to  200°P. 

The  coated  urethane  foams  all  exhibited  Insufficient  retention 
of  properties  on  exposure  to  JP-5  fuel  at  elevated  temperatures 
to  warrant  their  further  consideration.  In  additon  to  this 
lack  of  retention  of  mechanical  properties,  the  coated  urethanes 
also  had  higher  initial  moduli  than  the  original  reticulated 
urethane  foam. 

Both  filled  and  unfilled  thermoplastics  were  investigated.  The 
primary  advantage  of  filling  was  to  provide  geometrical  integrity 
during  the  exposure  of  the  various  materials.  However,  no  added 
thermal  stability  was  anticipated.  Those  materials  which  exhibited 
the  best  retention  of  mechanical  properties  upon  exposure  to  JP-5 
fuel  at  325°P  were  polyimide,  polymer  360,  glass-filled  nylon, 
and  glass-filled  polytetrafluoroethylene. 

The  most  promising  of  all  the  materials  were  the  polyimide  and 
polyester  fiber  foams,  which  are  shown  in  Figure  1  as  they  were 
initially  and  after  exposure  to  JP-5  fuel  at  325°F. 

An  inadvertent  burning  of  the  polyimide  foams  demonstrated  that 
they  were  stable  to  much  higher  temperatures  than  325°F  for  a 
short  time.  They  were  converted  to  carbon-like  foams  with  reasonable 
structural  integrity  in  the  presence  of  burning  fuel.  While  the  exact 
temperatures  were  not  known,  the  pyrex  glass  cylinder  in  which  these 
specimens  were  contained  was  melted. 

One  additional  advantage  of  both  the  polyimide  foam  and  the 
polyester  fiber  foam  was  that  their  modulus  characteristics  were 
in  the  range  of  the  original  reticulated  urethane  foam.  It  was 
anticipated,  therefore,  that  they  would  have  a  reasonable  chance 
of  functioning  as  a  fire  and  explosive  surpressant  void  filler 
In  the  fuel  tanks  of  aircraft. 

Thermal  gravimetric  analysis  of  the  foams  coated  with  the  various 
materials  indicated  an  improved  retention  of  weight  as  a  function 
of  temperature  up  to  1000°C.  The  materials  in  the  order  of  added 
thermal  resistance  were:  Nylon  11,  polyimide,  and  polymer  380. 

The  polyimide  and  polyester  fiber  foams,  however,  retained  their 
weight  and  integrity  at  temperatures  well  beyond  the  coated 
reticulated  urethanes.  The  polyimide  foam  also  exceeded  the 
polyester  fiber  foam  in  thermal  performance. 
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SECTION  III 


EXPERIMENTAL  DISCUSSION 


The  experimental  discussion  Is  quite  straight-forward  since  the 
program  consisted  of  selecting,  obtaining,  or  preparing;  thermal 
exposure;  and  mechanical  testing  of  various  materials.  The  dis¬ 
cussion  Is  subdivided  Into  the  exposure  anc  testing  techniques, 
thermal-resistant  foams,  and  thermal-resistant  thermoplastics. 


1.  EXPOSURE  AND  TESTING  TECHNIQUES 


The  exposures  used  all  Involved  the  complete  submersion  of  test 
specimens  In  JP-5  fuel  at  various  elevated  temperatures.  The 
two  types  of  exposures  were  referred  to  as  Phase  1  type  and 
Phase  2  type.  The  Phase  1  type  consisted  of  Isothermal  exposures 
at  specific  temperatures  and  the  Phase  2  type  of  thermal  cyclic 
exposure.  The  testing  techniques  Involved  mechanical  evaluation, 
subjective  evaluations  based  on  observations,  and  thermal  gravi¬ 
metric  analysis. 

a.  Phase  1  (Continuous)  Exposure 

Phase  1  exposure  consisted  of  a  continuous  and  complete  Immersion 
of  the  test  specimen  In  JP-5  fuel  refluxing  at  325°P.  To  a  limited 
extent,  a  modified  Phase  1  exposure  was  Included  which  Incorporated 
temperatures  of  200  and  250°P. 

The  exposure  was  conducted  In  glass  flasks  with  condensers  to  re¬ 
tain  as  much  of  the  refluxing  fuel  as  possible.  The  flask  and 
the  JP-5  fuel  were  heated  by  Immersion  of  the  flask  in  an  oil 
bath  maintained  at  the  desired  temperature.  A  photograph  of  this 
setup  Is  shown  in  Figure  2. 

The  Phase  1  cycle  was  a  continuous  exposure  over  a  seven-day  week  at 
the  specified  temperature. 


b.  Phase  2  (Thermal  cyclic)  Exposure 

Phase  2  exposure  was  set  up  to  simulate  a  flight  temperature  pro¬ 
file  In  JP-5  fuel.  The  exposure  was  conducted  in  a  manner  identi¬ 
cal  to  the  Phase  1  exposure  with  the  exception  that  the  specimen- 
filled  flasks  were  transferred  in  their  entirety  to  the  various 
temperature  oil  baths  for  specific  periods  of  time  (see  Figure  2). 
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The  test  cycle  was  set  up  to  provide  a  temperature  profile  which 
represented  two  flights  per  day  (or  cycles),  and  an  overnight  expos¬ 
ure  at  ambient.  The  particular  exposure  conditions  were: 


(a) 

30 

minutes 

at 

150°F 

(b) 

20 

minutes 

at 

250°F 

(c) 

10 

minutes 

at 

325°P 

(d) 

20 

minutes 

at 

250°F 

(e) 

30 

minutes 

at 

150°F 

(f)  130  minutes  at  75°P 

(g)  repeat  (a)  through  (f) 

(h)  18  hours  at  75°P 

The  sequence  of  (a)  through  (h)  was  considered  to  be  two  cycles 
(see  Figure  3)  and  was  repeated  on  a  five-day  week  basis.  Thus  a 
total  10  cycles  per  week  were  accumulated.  The  specimens  were 
removed  at  intervals  of  10  cycles  exposure  for  their  physical 
property  characterization  (new  specimens  each  time). 

c.  Physical  Testing  Techniques 

The  physical  testing  of  the  materials  investigated  involved  mechan¬ 
ical  stres3-strain,  visual  (photographies),  and  thermal  gravimetric 
analysis.  All  mechanical  testing  was  conducted  at  74°F  (23°C) 
and  50%  RH.  Materials  under  test  are  shown  in  Figure  4. 

The  foam  materials  were  tested  using  2x2x1  in.  specimens 
according  to  ASTM  Method  D1621  at  a  crosshead  speed  of  0.1  in. /min. 
The  load  deflection  curves  were  recorded  and  are  reported.  The 
failed  specimens  were  photographed. 

For  the  thermoplastic  materials,  tensile  testing  was  conducted 
using  dog-bone  type  specimens  in  ASTM  Method  D638  at  a  cross- 
head  rate  of  0.05  in. /min.  The  load  compression  curves  were 
recorded  and  the  specimens  photographed. 

The  thermal  gravimetric  analysis  was  conducted  in  an  American 
Instrument  Company  TGA  apparatus  using  approximately  200  milli¬ 
grams  of  unbroken  specimen.  Measurements  were  conducted  in  both 
air  and  helium,  at  a  heating  rate  of  approximately  5°F/min 
(3°C/min)  from  ambient  to  1832°F  (1000°C)  (or  until  all  weight 
was  lost).  A  continuous  recording  of  weight  as  a  function  of 
temperature  was  made  and  is  reported. 
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Once  the  specimens  were  tested,  they  were  not  reused  for  any  purpose 


2.  THERMAL-RESISTANT  FOAMS 

Both  coated  and  uncoated  foams  were  evaluated  on  their  ability 
to  retain  their  mechanical  properties  upon  exposure  to  Phase  1 
and  Phase  2  type  environmental  exposure. 

The  coated  foams  all  consisted  of  the  10-pore  per  inch  reticulated 
urethane  foam  coated  with  various  high-temperature  polymers.  These 
polymers  included  nylon  11,  polylmlde,  and  polymer  380.  The  uncoated 
foams  consisted  of  the  10-pore-per-lnch  reticulated  urethane  foams 
(as  a  reference),  a  polyester  fiber  foam,  and  polylmlde  foams. 

Since  it  was  most  Important  for  the  fuel  tank  application,  all  foams 
investigated  were  quite  porous  ar.d  for  the  most  part  had  large  open 
cells . 

Of  significance  to  the  coated  urethane  foams  was  the  fact  that  their 
modulil  were  orders  of  magnitude  greater  than  the  original  reticu¬ 
lated  urethane.  This  is  illustrated  in  Figure  3.  In  fact,  while 
the  original  reticulated  urethane  foams  would  be  considered  flexi¬ 
ble,  the  coated  urethane  would  be  considered  rigid.  The  materials, 
therefore,  would  not  be  able  to  sustain  any  significant  amount  of  • 

deflection,  followed  by  recovery.  While  not  proven,  doubt  would 
have  been  placed  as  to  whether  the  rigldlzed  foam  would  perform 
any  where  near  as  well  as  the  uncoated  foam  as  a  fire  and  explosion 
suppressant  material. 

The  coated  foams  were  all  much  more  friable  than  the  original  ure¬ 
thane.  The  edges,  therefore,  could  be  readily  broker,  causing  the 
production  of  small  pieces  of  material  in  the  fuel  tank. 

The  polyester  fiber  and  the  cured  polylmlde  foams  both  exhibited  a 
modulus  near  the  range  of  the  original  10-pore-per-inch  reticulated 
urethane.  It  was  felt  that  this  was  quite  advantageous,  since  it 
would  not  preclude  their  utility  as  a  fire  and  explosion  suppressant  . 
material,  while  providing  integrity  at  the  elevated  temperatures  in 
the  fuel  environment. 


a.  Coated  Foams 


The  concept  behind  the  coated  foams  was  to  provide  a  thermally- 
resistant  polymer  to  the  surface  of  the  urethane  foam  structure, 
which  would  partially  protect  and  as  a  minimum  maintain  its 
structural  integrity  upon  exposure  to  JF-5  fuel  at  elevated 
temperatures . 
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These  foams  were  all  prepared  by  the  Scott  Paper  Company  by 
undisclosed  methods ,  which  provided  for  approximately  100  weight 
percent  of  application  (based  on  the  urethane  substrate)  of  each 
of  the  various  high-temperature  materials.  The  samples  prepared 
consisted  of  urethane  foams  coated,  respectively  with  a  single 
dip  of  nylon  11,  a  double  dip  of  nylon  11,  American  Cyanlmld's 
8692-192A  polyimlde,  and  3M's  polymer  380.  It  had  originally 
been  anticipated  that  nylon  66  would  be  Investigated;  however, 

Scott  was  unable  to  prepare  a  suitable  sample.  The  results  of 
the  exposure  of  these  coated  foams  under  Phase  1  conditions  are 
shown  In  Figures  6,  7,  8,  and  9.  As  is  readily  shown,  the  mech¬ 
anical  performance  of  these  foams  degraded  rapidly  and  for  the 
most  part  integrity  was  sustained  for  no  more  than  one  week.  The 
decomposition  of  these  foams  Is  also  Illustrated  by  the  photographs 
in  Figure  10. 

Since  the  above  mentioned  coated  foams  did  not  perform  well  when 
subjected  to  Phase  1  exposure  at  325°F,  a  determination  of  the 
limits  up  to  which  these  foams  may  be  useful  was  attempted. 
Therefore,  Phase  2  type  Isothermal  exposure  at  both  200  and  250°F 
was  conducted.  This  modified  exposure  was  conducted  on  the  nylon  11 
and  polylmide-coated  urethanes  and  the  results  are  shown  in  Figures 
11,  12,  13*  and  14.  A  summary  of  these  data  showing  mechanical 
performances  as  a  function  of  both  time  and  temperature  are  shown 
In  Figures  15  and  16  for  the  nylon  11  and  polylmide-coated  urethane. 

Since  the  nylon  11-coated  urethane  sustained  the  least  degradation 
of  any  of  the  coated  foams  upon  exposure  to  Phase  1  testing.  It 
was  investigated  under  Phse  2  exposure.  The  results  of  this 
Phase  2  exposure  on  the  mechanical  properties  of  this  material 
are  shown  m  Figure  17  and  are  summarized  in  Figure  18. 

Some  Improvement  in  the  performance  of  the  coated  foam  was  shown, 
as  would  have  been  expected,  due  to  the  less  severe  Phase  2  thermal 
exposure.  It  was  desirable  that  the  coated  foam  hold  up  for  a 
period  of  at  least  100  cycles.  This  condition,  however,  was  not 
met  and  the  coated  foam  could  not  qualify  for  the  desired 
application. 

In  order  to  demonstrate  the  weight-loss  characteristics  as  a 
function  of  temperature,  all  the  coated  foams  were  treated  by 
thermogravlmetric  analysis,  as  described  in  section  III.l.c. 

Each  specimen  was  run  individually  in  both  air  and  helium  atmos¬ 
pheres.  The  results  of  these  analyses  are  shown  in  Figures  19 
and  20. 
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What  Is  demonstrated  in  these  thermal  analysis  curves  Is  the 
original  degradation  of  the  urethane  at  approximately  250°C 
followed  by  the  decomposition  of  the  various  coatings  at  the 
higher  temperatures  relating  to  their  thermal  Integrity.  The 
improvement  In  retention  of  weight  due  to  the  addition  of  the 
various  coatings  Is  shown  which  is  significant  within  the  5-hour 
time  frame  of  the  test. 


b .  Uncoated  Foams 

In  this  portion  of  the  program  we  investigated  various  uncoated 
foams,  which  Included  the  10-pore-per-ir.eh  reticulated  urethane, 

3M’s  polyester  fiber  foam  No.  1458-1,  and  various  types  of  foams 
based  on  Monsanto  Company's  RI-7271  polylmide. 

The  uncoated  reticulated  urethane  foam  was  examined  primarily 
for  reference  and  to  establish  the  degree  of  thermal  resistance 
available  to  it  alone.  The  polyester  fiber  foam  and  the  poly- 
imide  foam  were  reported  to  have  excellent  thermal  resistance 
in  the  presence  of  aviation  fuels  and  therefore  were  of  Interest. 

The  10-pore-per-inch  reticulated  urethane  foam  was  evaluated  under 
regular  and  modified  Phase  1  type  Isothermal  conditions  at  325°F, 
200°F,  and  250° F.  The  results  of  these  exposures  on  the  mechanical 
performance  of  the  foam  are  shown  in  Figures  21,  22,  and  23,  and 
illustrated  in  Figures  24  and  25.  For  reference  the  color  change 
of  the  JP-5  fuel  is  also  shown.  As  the  urethane  foam  was  completely 
degraded  after  one  week  exposure  to  Phase  1  conditions  at  325°F, 
it  was  necessary  to  evaluate  this  foam  on  a  dally  basis.  It  was 
shown  that  the  foam  was  completely  degraded  (in  terms  of  mechanical 
stability)  within  three  days.  The  urethane  foam  was  also  evaluated 
under  Phase  2  conditions;  the  results  of  this  are  shown  in  Figure  26. 

The  polyester  fiber  foam  was  supplied  by  the  3M  Company  as  their 
Sample  No.  1458-1.  It  consisted  of  a  white,  bulky,  felt  material. 

The  fact  that  the  material  was  a  felt  and  rather  bulky  hindered 
our  testing  of  the  material  in  compression  and  resulted  in  a 
greater  deviation  of  results.  However,  this  fact  did  not  detract 
from  the  performance  of  the  fiber  foam  in  the  Phase  1  and  Phase  2 
type  exposure. 

The  retention  of  the  mechanical  performance  of  the  polyester  fiber 
foam  No,  1458-1  is  well  demonstrated  in  Figures  27  and  28,  and  illus¬ 
trated  in  Figure  29  for  periods  of  10  weeks  exposure  at  325°F 
(Phase  1)  and  thermocyclic  exposure  from  ambient  to  325°F  (Phase  2). 
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A  polylmlde  foam  was  made  available  from  Monsanto  Company.  It 
was  designated  as  sample  RI-7271,  and  cons5sted  of  a  fine-celled 
foam  (approximately  40  pores  per  Inch)  In  densities  of  1  and  6 
pounds  per  cubic  foot.  While  these  foams  were  not  directly 
suitable  for  the  Intended  application  (since  the  flow  of  fuel 
would  be  restricted),  It  was  felt  that  the  establishment  of 
their  mechanical  performance  as  a  function  of  Phase  1  and 
Phase  2  type  exposures  would  be  excellent  and  should  be  proven. 

Both  the  1-  and  6-pound-per-oublc  foot  polylmlde  foams  were 
exposed  to  Phase  1  and  Phase  2  type  conditions.  The  results 
are  shown  In  Figure  30  and  31  and  Illustrated  In  Figure  29. 

In  essence,  little  degradation  of  mechanical  properties  occurred 
over  a  period  of  ten  weeks  or  100  cycles . 

Thermalgravlmetrlc  analysis  data  for  both  the  polyester  fiber  and 
polylmlde  foams  In  air  In  an  Inert  atmosphere  are  shown  In  Figures 
32  and  33. 

In  an  attempt  to  prepare  a  polylmlde  foam  that  would  be  more  use¬ 
ful  for  the  Intended  fuel  tank  application,  polylmlde  foams  were 
prepared  using  a  salt  ball  extraction  technique.  This  consisted 
of  packing  a  container  with  spherical  sodium  chloride  salt  balls, 
filling  the  container  with  a  weighed  amount  of  polylmlde  foaming 
powder,  foaming  this  powder  under  appropriate  temperature-time 
cycles  and  dissolving  away  the  salt .  Foams  so  prepared  are 
shown  In  Figure  34.  The  foams  had  large  holes  the  size  of  the 
salt  balls  and,  while  suitable  connecting  holes  did  not  result, 
the  feasibility  of  preparing  foams  by  this  technique  was  determined. 
Most  Importantly,  the  modulus  of  this  foam  was  close  to  that  of 
the  reticulated  urethane  foam  (which  was  not  the  case  In  the 
polylmlde-coated  urethanes ) . 

The  large-celled  polylmlde  foams  were  evaluated  under  Phase  1 
and  Phase  2  type  exposure  and  the  results  of  this  exposure  on 
the  mechanical  performance  are  shown  In  Figures  35  and  36.  Again, 
the  excellent  retention  of  properties  for  this  material  was 
demonstrated. 


3.  THERMAL-RESISTANT  THERMOPLASTICS 

Thermoplastics,  both  filled  and  unfilled,  were  evaluated  for  their 
ability  to  retain  their  mechanical  properties  upon  exposure  to 
Phase  1  and  Phase  2  type  environments. 

The  filler  for  all  the  thermoplastics  was  glass  at  a  loading  of 
15%  or  30?.  The  filled  thermoplastics  consisted  of  two  different 
glass-filled  nylons,  and  glass-filled  polyester,  polychlorotri- 
fluoroethylene,  polyvinylidene  chloride,  polycarbonate,  and 
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polytetrafluoroethylene .  The  glass  was  all  In  a  short  fiber 
form.  The  unfilled  thermoplastics  consisted  of  polyimide, 
nylon  66,  polymer  360,  polyphenylene  oxide,  and  polysulfone. 

It  was  anticipated  that  some  of  these  materials,  such  as  poly¬ 
carbonate,  would  not  be  effective  in  this  particular  applica¬ 
tion,  but  these  were  briefly  screened  to  demonstrate  the 
problem. 

The  purpose  In  Investigating  these  thermoplastics  was  for  their 
anticipated  use  In  Injection  molding  of  hollow,  perforated 
spheres.  About  midway  through  the  program,  however,  the  Air  Force 
Indicated  a  lack  of  Interest  In  the  hollow,  perforated  spheres 
for  the  fire-  and  explosion  suppressant  applications.  Therefore, 
less  emphasis  was  placed  on  these  materials.  Importantly,  how¬ 
ever,  some  of  these  materials  were  Investigated,  l.e.,  poly lml des, 
polymer  360,  and  the  nylons,  to  establish  their  utility,  prior 
to  their  Inclusion  as  a  coating  for  the  foam-type  materials  dis¬ 
cussed  In  section  III. 2.  Because  of  the  aborted  Interest,  the 
filled  and  unfilled  thermoplastics  were  exposed  only  to  Phase  1 
type  conditions. 


A* _ ELLLafl  -IbacagBiagtisa 

The  reason  for  Investigating  the  filled  thermoplastics  was  their 
reported  stability  at  elevated  temperatures  (+300°F)  In  aviation 
fuel  environments.  However,  it  was  not  anticipated  that  the 
glass  filler  would  contribute  any  improved  thermal  or  fuel  resist¬ 
ance  to  the  polymer.  But  the  contribution  of  the  glass  to  the 
modulus  of  the  material  was  expected  and  proven  to  be  useful  In 
retaining  the  geometric  integrity  of  the  various  specimens  in  the 
Phase  1  type  exposure.  It  is  most  Important  to  consider  that  the 
testing  of  the  thermoplastics  was  done  at  74°F  (23°C)  and  not  at 
the  temperature  of  exposure. 

The  specimens  were  all  obtained  from  the  manufacturer,  for  the 
moat  part  in  the  form  of  molded  ASTM-D-638  dog-bone  tensile  speci- 
ments.  The  specific  materials  that  were  investigated  included: 

LNP  Corporation  glass-filled  (3055)  nylon  66,  No.  RF-1006;  DuPont 
glass-filled  (30!?)  nylon  66,  Zytel  7010-33;  LNP  Corporation  glass- 
filled  (30!?)  polyester,  WF-1006;  3M  Company  glass-filled  (15!?) 
polychlorotrifluoroethylene,  KF-6066;  and  Pennsalt  Company  glass- 
filled  (155?)  polyvinylidane  chloride,  Kynar  315MRN;  glass-filled 
polycarbonate;  and  glass-filled  polytetrafluoroethylene. 

The  mechanical  performance  of  the  first  five  materials,  as  a 
function  of  Phse  1-type  exposure  at  one  week  increments,  is 
shown  in  Figures  37  thru  41.  The  tensile  strengths,  modulus 
of  elasticity,  and  percent  elongation  as  a  function  of  exposure 
time  for  the  nylons  and  polyester  are  shown  in  Table  I.  Photo¬ 
graphs  of  the  failed  specimens  following  the  various  exposures 
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are  shown  In  Figures  42  and  43.  This  Includes  the  glass-filled 
polycarbonate  and  Teflon,  which  could  not  be  tested  after  exposure. 

As  shown  In  Figures  37  and  38  the  glass-filled  nylons  exhibited 
excellent  retention  of  properties  as  a  function  of  exposure  time. 
The  glass-filled  polyester  exhibited  considerable  decrease  In 
tensile  strength  In  just  one  week  exposure,  and  the  polyvlnyll- 
dene  chloride,  the  polychlorotrlfluoroethylene,  and  the  polycarbon¬ 
ate  all  lost  their  initial  geometry  In  the  exposure  so  that  no 
more  mechanical  performance  tests  could  be  conducted. 


b.  Unfilled  Thermoplastics 

The  unfilled  thermoplastics  were  investigated  both  for  their  poten¬ 
tial  Interest  by  themselves  and  as  coatings  for  the  reticulated 
urethane  foams.  Since  coating  of  the  urethane  foam  with  various 
materials  was  not  exactly  straight-forward,  and  since  the  mate¬ 
rials  were  not  off-the-shelf,  it  was  advisable  to  first  qualify 
the  coating  material.  Specifically,  testing  of  the  polylmldes  and 
the  polymer  360  were  conducted  for  this  purpose. 

The  unfilled  thermoplastic  materials  Investigated  consisted  of 
American  Cyanamid  Company's  polyimide  8692-192A  (XPI-MC154); 

Union  Carbide  Company's  polysulfone  P;  3M  Company's  polymer  360; 
General  Electric  Company's  polyphenylene  oxide  PPO;  and  a  com¬ 
mercial  grade  (Cadillac  Plastics)  nylon  66  sheeting.  The  results 
of  the  exposure  of  two  of  these  materials  to  Phase  1  conditions 
on  mechanical  performance  are  shown  in  Figures  44  thru  46.  As 
demonstrated,  both  the  polyimide  and  the  polymer  360  exhibited 
excellent  retention  of  mechanical  properties  as  a  function  of 
exposure  time  under  Phase  1  conditions . 

The  lack  of  retention  of  physical  geometry  of  the  polysulfone, 
polyphenylene  oxide  and  nylon  66  are  shown  in  the  photographs 
(Figure  46) . 
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TABLE  I 

PHYSICAL  PROPERTIES  OP  THERMOPLASTIC  MATERIALS  AT  7^°?  BEPORE 
AND  AFTER  IMMERSION  IN  JP-5  FUEL  AT  325°F. _ 


Preceding  Page  Blank 


American  Cyanamid 

Polyimide  XPI-MC-151*  0  13-5 
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(a)  General  View 


(b)  Specimen  Container 

Figure  2.  Environmental  Baths  Used  to  Expose  Candidate 

Materials  in  JP-5  Fuel  at  Temperatures  up  to  325°F. 


Figure  3.  Time-temperature  Sequence  for  Phase  2  Type  Thennocy cling 


POLYESTER 
FIBER  FOAM 


URETHANE 


POLYIMIDE 


COATED 

URETHANE 


Figure  5«  Photograph  Illustrating  the  Modulus  Characteristics 
of  the  Coated  and  Uncoated  Foams. 
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Figure  6.  Stress  vs  Compression  for  Nylon  11  Single  Coated  Urethane  Foam 
Following  Phase  1  Exposure  for  Four  Weeks. 


Phase  1  Thermocycling 


Polyimide  Following  Phase  1  Exposure  for  One  Week 


Exposure,  Weeks 
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Polymer 


•+****-  **■ 


Figure  10.  Photographs  of  Coated  urethane  Foams  Following 
Exposure  to  JP-5  Fuel  at  Elevated  Temperatures. 
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Figure  12.  Stress  vs  Compression  for  Reticulated  Urethai 
Nylon  11  Following  Exposure  at  250°F  in  JP-5 
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Figure  14.  Stress  vs  Compression  for  Reticulated  Urethane  Foam  Coated  with 

Polyimide  Following  Exposure  at  250°F  in  JP-5  Fuel  for  Four  Weeks 
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Figure  16.  Stress  vs  Timfe  of  Exposure  and  Exposure  Temperature  for 
Reticulated  Urethane  Foam  Coated  with  Polyimide. 


0  cycle* 

Uncoated  Urethane 


WffHWt PW—w* 


33 


Figure  17.  Stress  vs  Compression  for  Nylon  11-coated  Urethane  Foam 

Following  Phase  2  Thermocycling  for  100  Cycles  (ten  weeks) 
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Friable  at  and 
after  two  days 


Figure  21.  Stress  V3  Compression  for  Untreated  Reticulated  Urethane  Foam 
Following  Exposure  at  325°F  in  JP-5  Fuel  for  Five  Days. 


Figure  24.  Reticulated  Urethane  Foam  Following  1  Week 

Immersion  in  JP-5  Fuel  at  325^  (Phase  1  Exposure). 
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C oppressive  Deflection,  Inches 

Figure  26.  Stress  vs  Compression  for  Uncoated  Reticulated  Urethane 
Following  Phase  2  Thermocycling  for  40  Cycles. 


Phase  2  cycles 


Figure  28.  Stress  vs  Compression  of  Polyester  Fiber  Foam  Following  Phase 
Exposure  for  100  Cycles  (ten  weeks). 


Phase  I  Exposure 


Figure  31.  Stress  vs  Compression  for  Polyimide  Foam  Following  Phase 
Exposure  for  Ten  Weeks. 
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Figure  34.  Large  Celled  Polyimide  Foam  Prepared 
From  Polyimide  Powders  by  Salt  Ball 
Extraction  Technique  (Density  2.4  lb/ft3). 
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Figure  35.  Stress  vs  Compression  for  Large  Celled  Polyimide  Foams  Following 
Phase  1  Exposure  for  Four  Weeks.  6 
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Figure  36.  Stress  vs  Compression  for  Large  Celled  Polyimide  Foams  Following 
Phase  2  Exposure  for  100  Cycles  (ten  weeks). 
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Figure  38.  Tensile  Stress  vs  Strain  for  Glass 
Filled  Nylon  66  Following  Phase  1 
Exposure  for  Eight  Weeks. 
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Figure  39*  Tensile  Stress  vs  Strain  for  Glass 
Filled  Polyester  Following  Phase  1 
Exposure  for  Four  Weeks. 
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Figure  40 


Tensile  Stress  vs  Strain  for  Unexposed  Glass 
Filled  Polychlorotrif luoroethylene . 
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Figure  41. 


Tensile  Stress  vs  Strain  for  Unexposed 
Poly vinylldenechloride . 
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Figure  42.  Photographs  of  Glass  Filled  Thermoplastics  Following 
Exposure  to  JP-5  Fuel  at  Elevated  Temperatures. 
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Figure  ^3- 


Photographs  of  Glass  Filled  Thermoplastics  Following 
Exposure  to  JP-5  Fuel  at  Elevated  Temperatures. 
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Figure  46. 


Photographs 
Exposure  to 


of  Thermoplastic  Materials  Following 
JP-5  Fuel  at  Elevated  Temperatures. 
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while  at  the  elevated  temperatures. 
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